Abstract-Photosensitivity of a dye-dispersed polymer was utilized for creating a self-controlled photonic interconnection. Polydimethylsiloxane that contained photochromic diarylethene changed its color depending on wavelengths of irradiated laser beams. Transmission characteristics of this polymer were examined by using laser pulses of 405 (violet), 450 (blue), or 532 nm (green) wavelength as photonic signals. When violet or green signal pulses (1 kHz or 1 kbps) were launched into this polymer, an optical path was formed in self-organized manner, and consequently, the output signal intensity increased as time passed. By contrast, the intensity of blue pulses decreased gradually, since they erased their optical path by themselves.
INTRODUCTION
Advanced communication systems or signal processors require smart materials that act not only as a sensor but also as a controller for selective transmission. Living bodies adapt themselves to environmental changes by use of self-formed synapse connections between a great number of neurons. In electrical or optical systems as well, self-organized or selfcontrolled interconnections are required to create artificial neural networks that are modeled on living bodies [1−6] .
Photochromic dyes are promising materials for constructing smart optical systems, since their optical properties change when they are exposed to incoming signal pulses; i.e., the refractive index and absorbance change due to photochemical reactions [7−10] . Diarylethene, for example, has two photosensitive isomers that are shown in Fig. 1(a) [11] . As the black line in Fig. 1(b) shows, the closed-ring isomer has an absorption band at around 500 nm wavelength (green), and accordingly, exhibits a red color. When exposed to green light, the ring opens and the dye molecule takes the other structure. Consequently, the absorption band at 500 nm disappears, whereas the absorbance increases at around 400 nm (violet), as shown by the gray line in Fig. 1(b) . This open-ring isomer is nearly transparent or slightly yellowish. Violet light irradiation causes the dye molecule to turn to the closed-ring structure, and accordingly, it gets colored again.
These reversible photochromic reactions were used to create an optical fiber that exhibited nonlinear input-output characteristics [12] ; i.e., the fiber transmittance changed notably depending on the input signal intensity. Although this experiment was conducted with a liquid-core fiber consisting of a glass pipe (cladding) and a dye solution (core), solids are generally preferred to liquids from the viewpoint of handling capability and chemical stability [13] . In a solid matrix, however, the photochromic reactions become less efficient and slower than those in liquid, since a small free-volume restricts the molecular deformation (isomerization) [14−16] . In previous studies, the authors created photochromic polymers that contained a dye solution in either nano-sized pores of a membrane (porous film) or flexible intermolecular space of a polymer [17−19] . In these polymers dye molecules can behave as they do in liquids, whereas the material can be handled like solids. In this study we prepared a photosensitive polymer in which photonic signals create or erase their path in selforganized manner. Experiments on a selective signal transmission were conducted with this polymer by launching photonic signals at different pulse frequencies.
II. EXPERIMENTS
Polymers were prepared by mixing polydimethylsiloxane (PDMS) oil and a curing agent (Shin-Etsu Chemical, KE-103). Diarylethene (Tokyo Kasei Kogyo, B1535) was dissolved in toluene, and the solution was mixed with the PDMS oil so that the toluene ratio was 60 vol% and the dye concentration was 0.6 mM. As Fig. 2(a) shows, the mixed solution was enclosed in a sample cell that consisted of glass plates and an O-ring (inner diameter: 44 mm) [20] . The glass plates were pressed with aluminum plates and screws so that the sample thickness became 3 mm. Fig. 2(b) shows a photograph of two samples that were prepared in this manner. The left sample had been exposed to green light, and hence, it was transparent (the openring state). On the other hand, the right sample exhibited a red color (the closed-ring state), since it had been exposed to violet light. Although both the open-and closed-ring isomers were stable, the absorbance changed slightly after a few hours, since the two isomers replaced one another due to molecular diffusion in the PDMS matrix [19, 20] .
The thickness of the current sample was insufficient to induce strong absorption. As Fig. 2(a) shows, therefore, the laser beam was reflected by two mirrors so that it made a round trip in the sample. Signal sources were laser diodes of 405 (violet) or 450 nm (blue) and a frequency-doubled Nd:YAG laser (532 nm, green). Signal pulses were generated by chopping a laser beam at 1 kHz. The input signal intensity and the beam diameter were adjusted to ~5 mW and 1.5 mm, respectively. The signal beam that passed through the sample was detected by a photodiode. The output signal in Fig. 3(a) was measured for the sample that had been bleached to the open-ring state by exposure to green light. When the violet pulses were put into this sample, no output signal was detected in the first few seconds, since, as the gray line in Fig. 1(b) shows, the open-ring isomer absorbed violet light. As time passed, however, the output signal emerged and its intensity increased gradually. This process indicated that the violet signal self-formed its optical path by inducing molecular deformation to the closed-ring isomer. As Fig. 3(b) shows, the opposite phenomenon took place when the blue pulses were put into the sample. A strong output signal was detected immediately after start of the signal input, since the absorbance of the open-ring isomer was low at 450 nm. The output signal, however, decreased notably in 10 s. This result indicated that the blue pulses erased the optical path by themselves. When the green pulses were used as an input signal, the entire sample had been exposed to violet light before measurement, since otherwise the open-ring isomers absorbed no green light and no reaction took place. As Fig. 3(c) shows, the green signal exhibited the self-formation characteristic.
III. DISCUSSION
In regard to the violet and green signals, we predicted occurrence of the self-formation process on the basis of the spectral change in Fig. 1(b) . However, the behavior of the blue signal was unpredictable before the experiment, since it was unknown whether blue light would open or close the molecular ring. The result in Fig. 3(b) indicates that blue photons induce isomerization to the closed-ring state as violet photons do. Probably the violet absorption band, which promotes creation of the closed-ring isomers, is stronger than the green absorption band at the blue wavelength.
Although all signals had the same input power, the output signal intensity changed notably depending on the signal wavelength; i.e., ~0.1, ~1, and ~2 mW, respectively, for the violet, blue, and green signals. This difference was caused by spectral dependence of the sample absorbance that was shown in Fig. 1(b) . The output signal intensity or the contrast between the on-and off-states depends on both the optical path length and dye concentration. Decreasing the absorbance enhances the output intensity but reduces the photochromic efficiency. The intensity and wavelength of the input signal also affect the efficiency and response time of the self-formation and erasure processes. Various design parameters have to be adjusted suitably for constructing an efficient photonic interconnection.
IV. APPLICATION A learning function plays an important role when synapses construct a network between neurons. Simulating those neural networks, the authors are trying to create an optical device that exhibits a learning function. The current photosensitive polymer is useful for creating such a smart interconnection that transmits frequent signals but blocks noisy occasional signals (Hebbian learning) [21, 22] . Fig. 4 illustrates the scheme of this device. Nodes that emit signal pulses are embedded in an opaque medium, and the signals self-form an optical path depending on the pulse frequency or the bit rate. The node 2, for example, emits signal pulses frequently toward the node 0, and hence, a signal path is formed between these nodes. By contrast, the node 4 cannot create a connection to the node 0, since it rarely emits signal pulses. Experiments were conducted by using the green signal, which exhibited the most efficient self-formation function (Fig.  3) . Here we describe the experimental result briefly, since details were reported in [23] . As Fig. 5(a) shows, the pulse width of the input signal (532 nm) was 5 ms, and the peak power was ~5 mW. These pulses were put into the photochromic polymer that had been exposed to violet light for creating the closed-ring isomers. When the pulse frequency was 84 pulse/s (84 bit/s), the output signal exhibited a gradual increase, as shown in Figs. 5(a) and 5(b) . By contrast no output signal was detected when the pulse frequency decreased to 12 pulse/s, as shown in Figs. 5(c) and 5(d) . Although even occasional pulses induce isomerization to the open-ring state, those open-ring isomers were replaced by closed-ring isomers in the surrounding region [19, 20] . Consequently, no signal transmission was observed when the pulse frequency was low.
V. CONCLUSION
A photosensitive polymer was fabricated by dispersing photochromic diarylethene in PDMS rubber. The optical absorbance changed notably by irradiation of violet, blue, or green lasers. Consequently, pulse signals that were generated from these lasers formed or erased optical paths by themselves. This photosensitive polymer will be useful to construct smart networks in which signal pulses exhibit a self-control function.
